Discerning the composition of penetratin for safe penetration from cornea to retina.
Delivery of biomacromolecules into the eye is greatly hindered by several protective barriers. The cell-penetrating peptide, penetratin, has been found to be an effective absorption enhancer for noninvasive intraocular gene delivery. To discern the composition of penetratin for safe penetration from cornea to retina, we designed a series of penetratin derivatives by varying the hydrophobicity and evaluated their potency for retina-targeted delivery. The hydrophilic amino acids of penetratin, excluding the conserved basic amino acid residues, were respectively replaced with tryptophan. Secondary structure of the resultant derivatives was analyzed by computer simulation and circular dichroism, exhibiting that the hydrophobic derivatives had a propensity to form high content of helix and entered corneal and conjunctival cells more easily than did penetratin. As expected, the hydrophobic derivatives showed improved permeability in excised rabbit cornea and sclera, and kept intact after penetration. When instilled topically in the conjunctival sac of mice eyes, the hydrophobic derivatives distributed safely and rapidly into both cornea and retina, with increased amount and prolonged retention time in comparison to penetratin. In conclusion, we demonstrated that the ocular permeability of penetratin derivatives closely correlated with their hydrophobicity, and introducing hydrophobic amino acids in penetratin was a feasible approach to develop more powerful ocular absorption enhancers. Due to the defensive barriers of the eye, efficient and safe absorption enhancers are indispensable for noninvasive delivery of exogenous biomacromolecules to the posterior segment. In this manuscript, we designed a series of penetratin derivatives and validated they had significantly improved penetration ability from cornea to retina than wild-type penetratin, without increasing toxicity. More importantly, we provided a sequence of solid evidences that the ocular permeability of penetratin derivatives closely correlated with their hydrophobicity, and introducing hydrophobic amino acids in penetratin was a feasible approach to develop more powerful ocular absorption enhancers. We also demonstrated that the penetratin derivatives permeated through cornea and sclera with intact structure, and might enter the eye by non-corneal pathway.